Binder is an important ingredient in pigment coating as it is used to impart adhesion, gloss and flexibility to the dried film as well as binding the pigment particles together. The aim of this work was to synthesize polymeric binders via radical copolymerization of acrylic acid (AA) with maleic anhydride (MA) and with 2-acrylamido-2-methyl-1-propane sulfonic acid (AMPS). The chemical structures of the prepared binders were characterized by FTIR and 1 HNMR analysis. The rheology of the prepared binders was also investigated. The prepared binders were applied in paper coating suspensions and their effects on optical, mechanical, and physical properties in addition to printability of the coated paper were studied. The results showed that acrylic maleic anhydride copolymers increased the adhesion, gave good film forming properties and good surface activity which increased print quality of paper coating. It was also found that MA/AA (50:50) and the blend between MA/AA (50:50) with AMPS:AA (30:70) have more suitable coating film properties and have highest pick resistance which is resemble to the commercial binder.
Introduction
Pigment coatings are applied to paper to improve the appearance, printing qualities and other properties of paper [1] . Pigment coating covers the fibers of paper surface and fills in the interstices on the surface and renders the paper more level and uniform in texture. The coat layer reduces the penetration of ink into the paper sheet. Therefore, the ink does not spread as much and the print image is clear and sharp. The print density and the print
Copolymers Preparation

Preparation of Acrylic Acid/Maleic Anhydride Copolymer (MA/AA)
A four-neck 500 ml round bottom flask, equipped with reflux condenser, thermometer, nitrogen inlet, mechanical stirrer and constant-addition syringe drive pump, was charged with 255 g acetone, 1 mol of maleic anhydride (50 mol%) and 0.85 g benzoyl peroxide. The flask was purged with dry nitrogen while the resulting solution was heated under agitation to reflux (about 90˚C), the system being maintained thereafter under a static nitrogen pressure. The continuous addition of 1 mol (50 mol%) of acrylic acid to the solution was started once the solution temperature reached 90˚C. The acid addition continuing is over a period of 3 hours. The polymerization solution was refluxed for 3 hours following completion of the acrylic acid addition. Then the resulting mixture was distilled atmospherically to remove the acetone solvent to produce an aqueous solution of hydrolyzed copolymer. The polymerization process was pronounced at different ratios of maleic anhydride: acrylic acid (90:10, 70:30, 50:50, 30:70, and 10:90) and another trial at (2:1 mole; and 1:2 mole) to obtain a homogeneous hydrolyzed acrylate maleate copolymers with various maleic acrylic ratios.
Preparation of Acrylic Acid-2-Acrylamido-2-Methylpropane Sulfonic Acid Copolymer
(AMPS/AA) A 3-neck 500 ml round bottom flask, equipped with reflux condenser, thermometer, nitrogen inlet, mechanical stirrer, was charged with 1 mole (50%) AMPS, 1 mole (50%) acrylic acid and 25% distilled water. The flask was purged with dry nitrogen while the resulting solution was heated under agitation to reflux (about 60˚C) the system being maintained thereafter under a static nitrogen pressure. The continuous addition of initiator (0.1%) potassium peroxide dissolved in 10 ml distilled water to the solution was started once the solution temperature reached 60˚C, the initiator addition continuing over a period of 2 hours. The polymerization solution was refluxed for 2 hours following completion of the initiator addition to produce a colorless or light yellow liquid copolymer, the polymerization process was pronounced at different ratios of AMPS: acrylic acid: (20:80, 30:70, 50:50, 60:40, and 90:10).
Copolymers Characterization
The prepared polymers were investigated by various analysis tools such as 1 H-NMR. The spectra of the prepared polymers were recorded on a 500 MHz using JEOL-ECA-500, Japan spectrometer while, infrared were determined with FTIR (KBR) JASCO, Japan, model 6100, also the rheological properties of the polymers were studied by using ERV-8 viscometer, UK Ltd.
Preparation of Paper Coating Suspensions
The basic coating formula used in this study, was a typical standard coating mixture consisted of 100 pph (pph = part per 100 parts of dry pigment) china clay pigment and 10 pph binder.
The clay was dispersed in distilled water in the presence of 0.3 pph sodium hexametaphosphate at a solids content of 50% and a pH of 8.5. The solids content was adjusted to 40% after addition of binder then the pH was adjusted to 8 using a 1 M NaOH solution.
The copolymers which were successfully applied to coating suspension are shown in Table 1 .
Preparation of Coated Paper Samples
A K-bar semiautomatic coater was used for applying the coating mixtures. A wire-wound coating bar was chosen to give a 6 μm thick wet film. Paper samples to be coated were cut to overall dimensions of 200 × 300 mm 2 . All paper sheets were supercalendered at 80˚C and a pressure of 90 bars for 20 minutes.
Coated Paper Characterization
The properties of coated papers were evaluated using standard testing for physical, optical and mechanical properties. The paper surface roughness (Bendtsen Tester, model K531, Messmer Bunchel) was measured in accordance with ISO 8791-2. The optical properties (i.e. brightness) were measured using (Brightness and Colourmeter instrument, model 68-59-00-002, Buchel-B.V, Netherlands) in accordance with ISO 2470-1 (2009) and the paper gloss was measured by Micro Glossmeter, measurement at angle 75˚. Where The tensile strength and burst strength were determined using T-series; model H5KT, Tinius Olsen Ltd, at 1KN according to ISO 1924-2 standard and burst tester; model BT-10 TlS Techlab Systems, according to ISO 2758-3(2009), respectively. 
Results and Discussion
Binder Characterizations
Copolymerization of MA/AA
In the present study, the high conversion copolymerization of MA and AA was carried out using solution radical copolymerization as represented in the experimental section. The structure of MA/AA copolymers is confirmed by IR and 1 H NMR spectroscopy. IR spectra of MA/AA copolymers having different compositions were represented in (Figure 1 ). 1 HNMR spectra of MA/AA copolymers were illustrated in (Figure 2 ). IR spectra of MA/AA copolymers show strong absorption peak at 3500 -2800 cm −1 indicates the presence of carboxylic acid groups which confirms the presence of AA in the produced copolymers. The presence of two absorption peaks at 1810 and 1770 cm −1 , assigned for the carbonyl of the anhydride group, confirms the presence of MA in the structure of the produced copolymers. The appearance of these bands indicates that the anhydride groups were not hydrolyzed during the copolymerization of AA with MA [19] . It was also observed that, the absorption bands at 3100 and 1600 cm −1 , assigned to =CH and C=C, disappeared in all spectra of MA/AA copolymers and confirm the complete polymerization of AA and MA monomers. and H 2 C=CH peaks at 6.7 and 4.5 ppm of MA and AA, respectively [20] . The appearance of the carboxyl proton -COOH at 13.3 ppm indicated the copolymerization of AA monomer. The peaks at 1.5 -2.6 ppm and 4.2 ppm were assigned to backbone methylene and CH protons MA and AA, respectively.
Copolymerization of AMPS/AA
The chemical structure of AMPS/AA was evaluated by IR and 1 H NMR analyses. The IR spectra of AMPS/AA were represented in (Figure 3) . The 1 HNMR spectra of AMPS/AA copolymer were illustrated in (Figure 4) . The appearance of the absorption pattern of AMPS/AA between 3500 and 2800 cm −1 indicates the presence of extensive inter and intra-hydrogen bonds between hydroxyl groups and hydrogen protons of both the COOH and SO 3 H of AMPS/AA copolymers. The disappearance of strong absorption bands at 3100 and 1640 cm −1 which noted in all spectra indicated the polymerization of AMPS and AA monomers. These peaks are referred to stretching of C-H vinyl and C=C bonds of vinyl groups of both AMPS and AA. The bands of the stretching of S-O at 910 cm −1 and the symmetric S=O stretching at 1043 cm −1 , are observed and indicate the presence of SO 3 H of AMPS in the structure of AMPS/AA copolymers. Furthermore, the band at 1400 cm −1 (asymmetric S=O stretching) indicates the presence of SO 3 H. The copolymerization of AMPS with AA was elucidated by 1 H NMR analysis (Figure 4) . The appearances of new signals at 13.3 ppm and 8.6 ppm, which represent both COOH and SO 3 H, respectively, indicate the incorporation of both AMPS and AA in the produced polymers. The signals at 1.5 -2.6 ppm and 4.2 ppm were assigned to backbone methylene and CH protons (COOH and SO 3 H), respectively. The disappearance of signals from 4.5 to 5.5 ppm, represented H 2 C=CH vinyl groups of both AA and AMPS indicated also the polymerization of both AMPS and AA monomers.
Rheology Measurements
The rheology of various types of the prepared binders represented in Figure 5 and Figure 6 , show a decrease in viscosity as the shear rate was increased. Accordingly, it was found that all the prepared binders are thinning polymers (a thixotropic material) which become more fluid with increasing time of applied force or increasing the shear rate. A regular decrease in commercial polymer (Acronal) viscosity as the shear rate increased, was found where MA:AA (50:50), MA:AA (1:2) and AMPS/AA (30:70) binders respectively, have the least thinning effect comparing with this type commercial binder. This means that a high network structure is created within the polymer molecules. 1 HNMR spectrum of AMPS/AA copolymer.
Effect of Different Binders on Coated Paper Properties
During this work, two approaches were taken in preparation of coating binders: copolymerization of various ratio of acrylic acid with AMPS and copolymerization of acrylic acid with maleic anhydride. The copolymers of AMPS with acrylic (20:80, 30:70, 50:50, 60:40, and 90:10) did not show any adhesion when applied in pigment suspension. The copolymers of acrylic with maleic anhydride showed adhesion of pigment together and adhesion to the base paper at different degree depending on the maleic: acrylic ratio. Another trial of mixing of the prepared copolymers of AMPS: acrylic acid and maleic anhydride: acrylic acid were carried out only the mixture of (AMPS: acrylic acid: 30%:70%) with (maleic anhydride: acrylic acid 50%:50%) which showed a degree of adhesion to the pigment particles and to the base paper. The applicable copolymers are illustrated in Table 1 .
The effect of various binders on coated paper roughness at top side before and after calendering is represented in Table 2 . The results show that coated paper containing MA:AA 50:50 binder has the lowest roughness compared to the other prepared binders and commercial binder, where paper roughness slightly increased upon using MA:AA (90:10), MA:AA (10:90), MA:AA (70:30) and MA:AA (30:70) binders. The blend between MA:AA and AMPS binders shows the highest roughness for coated paper. After calendering the roughness highly decreased in all samples as shown in Table 2 . Coated paper having MA:AA (50:50) binder is still smoother than others samples even the commercial one (Acronal), where the blend binder still has more roughness.
A possible explanation is that, in uncalendered paper, the clay platelets are oriented rather randomly. On applying calendering under pressure, the clay platelets are pressed into the coating, squeezing out the binder polymer, which flows sideways filling adjacent depressions. As a result the micro roughness of the coated surface is reduced [21] . The effect of various binders on coated paper brightness is shown in Table 2 . The results show that the prepared binders gave coated paper brightness higher than the commercial one, where MA:AA + AMPS:AA blend shows the highest brightness, as blending the two binders led to lowering the carboxyl content in the binder which changes its chemical structure. Decreasing the maleic anhydride ratio in the prepared polymers led to a decrease in carboxyl content in the final polymer, which consequently increased the coated paper brightness, This is confirmed from the results of the two samples MA:AA (1:2) and MA:AA (2:1). There is a significant negative correlation between the carboxyl content and the degree of brightness [22] .
The effect of various binders on coated paper gloss at top side before and after calendaring is also shown in Table 2 . Gloss is differently affected by the presence of different binders. The greatest gloss value was obtained with coated paper containing the commercial binder (Acronal S 360D). MA:AA 50:50 binder has the highest gloss value of the prepared binders where AMPS/AA blend binder has the lowest gloss. The improvement of some samples gloss is correlated with the surface roughness. It has been shown that gloss is predominantly governed by the surface texture of the paper [21] . Reducing the roughness of the coated surface leads to an increase in gloss. This is consistent with the equation that relates specular gloss to surface roughness. Also the effect of various binders on coated paper tensile strength of machine direction (MD) and burst strength is shown in Table 2 . The results indicated that MA:AA 50:50 and MA:AA 1:2 binders show a high tensile strength more the commercial binder and higher than the other binders. The high tensile and burst strength of these binders may be due to these types of binder show higher network structure than other binders as shown in Figure 5 and Figure 6 which also enhance the adhesion between the coat layer and the base paper. Table 3 shows the effect of different binders on print density of coated paper. Coated paper containing MA:AA 50:50 binder has the highest print density like that the coated paper containing the commercial binder Acronal S 360D but that containing MA:AA 90%:10% and the blend have lower print density values than them. The coated paper containing MA:AA 70:30, MA:AA 70:30 and MA:AA 10:90 have the lowest print density. Coated papers having both Acronal S 360D and MA:AA 50:50 showed the lowest roughness of all prepared coated papers having the others binders. This process of smoothing the paper surface improves (increases) the potential area of contact between the ink film and the paper surface. This effectively increases the amount of ink transferred to the paper, and consequently the concentration of pigment on the surface [23] [24] .
Effect of Different Binders on Print Quality of Coated Paper
The effect of different binders on print gloss of coated paper is illustrated in Table 3 . The print gloss of coated paper containing Acronal S 360D has the highest print gloss this may be due to increase the amount of ink transferred which leads to increasing the print gloss. MA:AA 50:50 has the higher print gloss than the other prepared binders where the blend MA:AA + AMPS has the lower print gloss than the others. These results are in accordance with the results of measuring coated paper gloss and roughness. Low print gloss is an indication of a rough print surface, and this often means that the print density is also low, resulting in a poor image and poor colour reproduction [25] .
Photomacrography
The macrographs of printed coated papers have different binders at different magnification (4×, 10×) are shown in Figures 7 to 18 . Figure 7 is photomacrograph of offset prints on paper coated with clay coating mixture of commercial binder. It is shown a uniform printed surface with good distribution of ink without any picking up of coated surface. This can explain the higher print density of this coated paper samples and the high mechanical properties. This type of binder shows good adhesion properties to clay pigments together and with the base paper.
Comparing with the prepared binders, it is shown that MA/AA 50:50, MA/AA 2:1, and the blend MA/AA + AMPS/AA binders gave high good adhesion properties and homogeneous distribution of ink without any picking as shown in Figure 11, Figure 12, Figure 16 , Figure 17 and Figure 18 respectively. Where upon using MA/AA 90:10 and MA/AA 30:70, (Figure 8 and Figure 13 ) it is shown that some the coat layers are removed and the greatest effect is shown for MA/AA 70:30, 10:90 binders (Figure 9, Figure 10 and Figure 14) . 
Conclusions
The following conclusions can be withdrawn from the previous results in the following points:
• The results revealed that the polymerization between water soluble maleic anhydride acrylic acid with different maleic anhydride ratios and the blend have a good effect on paper coating which improve the optical properties such as brightness and gloss.
• MA/AA 50:50 binder shows higher mechanical properties than the other prepared binders, in addition it has lower roughness and high print density.
• As the maleic anhydrides ratio increased the pick resistance of the coated paper decreased.
• MA/AA 50:50, MA/AA 2:1 and the blend binders have more suitable coating film properties and have the most pick resistance as the commercial binder Acronal S 360D.
